I N T R O D U C T I O N
Recently, there has been controversy in cardiac anesthesiology literature about the use of thoracic epidural anesthesia in cardiac anesthesia [Chaney 2006a [Chaney , 2006b Hemmerling 2006; Ho 2006] . The opinions are strongly divided between the promoters of the techniques and others who think these techniques are dangerous, offer no benefits, and should be banished. Thoracic epidural anesthesia in cardiac surgery carries risks and benefits. There are risks related to epidural anesthesia in all fields of anesthesia, as there are risks related to all medical activities. Any surgeon cutting the skin exposes the patient to a risk of infection and/or bleeding. Recently, the overall health care system has been classified as high risk with a risk comparable to bungee jumping [Lundstrom 2007 ]. The risk assessment in cardiac surgery is further complicated by the occurrence of neurologic or spinal pathologies not related to epidural catheter placement such as anterior spinal artery syndrome [Yoshida 2005 ]. Furthermore, epidural hematoma has even been reported without an epidural catheter [Case 2005; Hyderally 2005 ]. The aim of the present report is to estimate the risk of epidural hematoma in cardiac surgery due to intraoperative heparin administration and to compare this risk with other patient populations or techniques.
M E T H O D S
Publications presenting patients receiving an epidural catheter and combined anesthesia for cardiac surgery were retrieved from Medline, SciSearch Embase, Google, and Google Scholar by searching the terms epidural anesthesia, epidural catheter, locoregional anesthesia, or epidural and cardiac surgery, coronary artery bypass grafting, aortic valve surgery, or mitral valve surgery. Databases were searched from 1966 to 2007. Data from the literature included randomized control trials, retrospective and prospective cohorts, and metaanalyses. The number of cases done using an epidural and the epidural-related complications were extracted, taking care to not count patients twice. Risks of catheter-related epidural hematoma in noncardiac surgery and in other procedures were extracted from large scale meta-analyses or trials.
Risk assessment for a rare event and estimation of their confidence intervals is difficult. We calculated the risk of selected events in anesthesia, critical care, medicine, and daily life. The 95% confidence intervals (CI) of a single proportion were calculated according to the method described by Wilson [Newcombe 1998b] (Figure) . Risks were plotted on a logarithmic scale, the higher risks on the left of the graph. The distance between each bar toward the right represents a 10-fold decrease in the probability of the event to occur. The Wilson method was applied to compare 2 proportions [Newcombe 1998a] .
R E S U LT S
Approximately 12,000 published cases of cardiac surgery under combined general-epidural anesthesia or sole epidural were found. One case of epidural hematoma probably related to the full heparinization that occurred in 1995 and was published in 2004 in a newsletter of the UK Medical Protection Society [Medical Protection Society UK 2004] . For the present analysis, we considered the numerator to be one event (the event presented by the Medical Protection Society) and the denominator to be 12,000.
There are other case reports of neurological events occurring in patients with an epidural catheter placed for cardiac surgery. Rosen [2004] presented a patient with an epidural placed for aortic valve replacement. An epidural catheter was placed, and the patient received 21,000 U heparin for aortic valve replacement, which was reversed. On postoperative day 2, while the patient was ambulating, he received a bolus of 4500 U heparin followed by a continuous heparin infusion. In addition, the patient received 4 mg of alteplase for a nonfunctioning PICC line, and at that point an epidural hematoma developed [Rosen 2004 ]. This case underlines the impressive systemic effect of "locally" administered thrombolysis in a central line. Sharma [2004] presented a case of catheter-related epidural hematoma in a patient receiving an epidural 10 hours after low molecular weight heparin on the day prior to aortic valve surgery. This case adds to the long list of catheter-related epidural hematoma in patients receiving low molecular weight heparin. The patient required a spinal decompression for hematoma with neurologic compression. Yoshida [2005] and Bracco [2007] presented cases of anterior spinal artery stroke in postoperative cardiac surgery patients with an epidural catheter in place. The catheter was not the culprit in these cases, but the epidural analgesia/anesthesia could have made the neurological evaluation more difficult. In a recent series of more than 2000 patients receiving an epidural catheter for cardiac surgery, Chakravarthy presented 4 cases of temporary neurologic deficits, mainly upper limb monoplegia attributable to the catheter's position [Chakravarthy 2004 [Chakravarthy , 2005 . These were resolved by pulling the catheter out 1 to 2 cm or by removing it. Jack [2006] also presented a series of 2837 patients with zero vertebral canal hematoma or abcess.
The risk of epidural hematoma after regional techniques for cardiac surgery is comparable to the risk in a nonobstetrical population [Moen 2004 ] (RR 0.83 favoring cardiac surgery; 95% CI 0.11-6.42, not significant). The risk of hematoma during cardiac surgery is comparable to the risk of receiving the wrong blood product, is 10 times lower than the risk of dying because of human error during an intensive care unit stay, and is 100 times lower than the risk of death after a carotid thrombendartectomy under general anesthesia. The risk of a systemic heparinization-related epidural hematoma is comparable to the risk of being a victim of a fatal accident while driving a car during one year.
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D I S C U S S I O N
Risk assessment in clinical practice is very complex and has to take into account several parameters. (1) What is the probability of an event to occur after an intervention? (2) What are the benefits of the intervention? (3) Prior to the intervention, are there modifiable risk factors that, if optimized, may decrease the incidence of the event? (4) Is every team member aware of the intervention, the possibility of an event, and the change in the process of care secondary to the intervention? (5) Do we put in place systems to detect and mitigate the consequence of the event? We do these analyses daily with different techniques and consequences, such as surgery and wound infection or cardiac surgery and atrial fibrillation.
The present risk update analysis has some limitations, since it includes in the denominator numerous patients from randomized controlled trials and from prospective and retrospective cohorts. They include different times of catheter placement and different perioperative heparinization protocols. We also made the assumption that no other case of heparinization-related epidural hematoma occurred. We hoped that the complication would have been reported if it had happened because it is so serious.
Ho previously published a risk estimate based on zero report of epidural hematoma in 5000 patients receiving an epidural for heart surgery. These authors used the Hanley and Lipmann-Hand method for adverse events that have not yet occurred [Hanley 1983] . For large (n > 30) samples, this method estimates the 95% CI upper interval at 3 divided by the sample size. Therefore Ho et al proposed a upper 95% CI for the incidence at 1/1500 epidurals. As one event occurred, the Hanley and Lipmann-Hand method could not be applied to the actual data. Applying the Wilson method to data available when Ho performed his simulation would yield an upper 95% CI of 1 in 1303 occurrences.
Based on the current data, the risk of an heparinizationassociated epidural hematoma is not zero, but the mean risk is comparable to the risk of receiving the wrong blood product or the risk of an epidural in a nonobstetric population. Most of the team performing epidurals for cardiac surgery comply with the recommendation of Horlocker et al [2003] , although these recommendations did not specifically address the question of patients undergoing systemic heparinization. When performed according to safe practice guidelines with proper communication between all teams involved, upgraded clinical patient tracks and proper follow-up, locoregional techniques for cardiac surgery bear an acceptable risk of complications, which compares to that of epidural applied in general surgery.
It is interesting to note that the analysis of the case report described before by 2 experts by the Medical Protection Society supported the use of epidural analgesia in cardiac surgery and both noted benefits associated with its use. However, these experts pointed out deficiencies in communication and delays when the complication occurred. These cases illustrate the importance of communication between different health care specialists whenever thoracic epidural anesthesia is used in cardiac surgery [Hemmerling 2004] .
In 1994, 7% of anesthesiologists in the US were practicing locoregional techniques in cardiac surgery [Goldstein 2001] and in 2006, 22% of Canadian cardiac surgery centers performed locoregional techniques (Nguyen et al, IARS annual meeting 2007; abstract S-53) . This updated risk assessment might help to better weigh the risk-benefit ratio of using thoracic epidural anesthesia in cardiac surgery.
